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ABSTRACT
In Nuclear Medicine, radioiodine, in various chemical forms, is a key tracer used in diagnostic practices and/or
therapy. Due to its high volatility, medical professionals may incorporate radioactive iodine during the
preparation of the dose to be administered to the patient. In radioactive iodine therapy doses ranging from 3.7 to
7.4GBq per patient are employed. Thus, aiming at reducing the risk of occupational contamination, we
developed a low cost filter to be installed at the exit of the exhaust system where doses of radioactive iodine are
fractionated, using domestic technology. The effectiveness of radioactive iodine retention by silver impregnated
silica [10%] crystals and natural activated carbon was verified using radiotracer techniques. The results showed
that natural activated carbon is effective for I2 capture for a large or small amount of substrate but its use is
restricted due to its low flash point (150º C). Besides, when poisoned by organic solvents, this flash point may
become lower, causing explosions if absorbing large amounts of nitrates. To hold the CH3I gas, it was necessary
to increase the volume of natural activated carbon since it was not absorbed by SiO2 + Ag crystals. We
concluded that, for an exhaust flow range of (306  4) m3/h, a double stage filter using  SiO2 + Ag in the first
stage and natural activated carbon in the second is sufficient to meet radiological safety requirements.
1. INTRODUCTION
The exposure to radiation by professionals from the medical area can occur during the dose
preparation, patient administration or image capturing. The external or internal doses
received during the preparation of the compound to be administered vary according to the
adopted procedure.
One of the most used elements in Nuclear Medicine is iodine due to its great affinity to the
thyroid gland tissue. The thyroid gland is a study subject for carcinogenicity. It is diagnosed
through radioactive iodine, the thyroid gland absorption rate being of approximately 30% of
the inhaled iodine [1].
The great volatility of this radionuclide increases the risk of incorporation during
administration by the professionals who exercise this occupational activity. The routine
manipulation of solutions containing radioactive iodine involves significant internal
contamination hazards of these professionals.
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For the manipulation of these radio nuclides it is necessary to have hoods with exhaust
system, with specific filtering elements for each exhausted radionuclide. These filtering
elements are imported, produced for nuclear power plants or nuclear fuel reprocessing
industries but have a short service life, demanding a monthly exchange of its filtering
elements. These facts rise the cost to such an acquisition by Nuclear Medicine Clinics.
In this context, the research aimed to develop a new filter capable of immobilizing efficiently
the volatile radioactive iodine compounds (CH3I  and  I2) present in the environment of a
nuclear medicine clinic using domestic technology, being of a low cost and allowing the
regeneration of the filtering element (HERRMANN, F. J. et al. (1991) [2]; LEE, B. S., et al.
(1991) [3]; FUNABASHI, K., et al. (1994) [4]; TAKESHITA, K., et al. (1995) [5]; LEE, H.
K., et al. (1996) [6]; SAKURAI, T., et al. (1997) [7]; PARK, G. LL., et al. (2000) [8];
KORNIENKO, V. I., et al. (2004) [9]; LIN, C. C., et al. (2006) [10]).
2. THEORETICAL FUNDAMENTS
The tracer technique consists of observing the behavior of a specific portion of the material
called marked population that, when interacting with the system, has its physical/chemical
parameters continuously modified and their records allow the attainment of information about
the movement and interaction of the main population with the medium. This technique will
be used in this work to identify the capture of radioactive iodine. It is also known as
"Stimulus and Response Technique", where the stimulus is the radiotracer and the response
are the curves generated by the scintillating detectors  due to the passage of
the radioactive cloud through its collimating angle.
The system studied can be represented by mathematical operators, where X(t) is the entry
function (tracer injection); Y(t) is the exit function (system response to the entry stimulus);
and H(t) the transfer function (system action depends on internal processes) by Equation 1.
Y(t) = H (t)  X(t)                                                       (1)
Alterations caused by the distribution of the tracer in the medium as it dislocates through the
unit are characteristics of the process but the response recorded, Y(t), depends on the system
action, H(t) as on the tracer injection process, given by X(t) [11].
There are various methods to analyze the curves generated by the system's response and the
most used ones are the Statistic Moments Methods and the Mean Residence Time
Distribution Functions [12]; [13].
3. EQUIPMENT AND METHODOLOGY
The unit known as "Test Bed" shown in Picture 1(a) and (b) was designed and manufactured
to study the adsorption of gaseous iodine in substrates (silver impregnated silica and activated
carbon). It allows the variation of the amount of substrate to be studied and its material
(PVC) is of low density, does not react with the medium, does not spread radiation and does
not absorb the tracers in its walls [14].
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Figure 1: Picture of (a) Disassembled Test Bed; (b) Assembled; (c) Experimental
Prototype for ambient air conduction.
Aiming to simulate routine manipulation conditions of solutions containing radioactive iodine
in a nuclear medicine clinic, an experimental prototype for ambient air conduction was
assembled at the Radiotracers Laboratory from the IEN/CNEN as shown in Figure 1(c). The
ambient  air  was  aspirated  through  a  36.5mm  diameter  PVC  duct  under  the  action  of  a
centrifuge exhauster conducting it to the "Test Bed" (placed vertically). After passing through
the "Test Bed" the air goes through the duct until it reaches the centrifuge exhauster, which
sends it to a chemical hood through a 254mm diameter PVC duct placed aside as shown at
the left. Two scintillating detectors
the entrance of the Test Bed and another at the exit (respectively), being the distance between
these detectors of 550mm. The radioactive gas injector was fixated three meters away from
the Test Bed and fifty centimeters away from the ambient air entrance. A third detector (C)
was placed at the center of the filter with the objective of verifying possible iodine retention
in the filter [14].
4. RESULTS
For the study of iodine immobilization two substrates were used: silver impregnated silica
[10%] (SiO2 + Ag) and natural active carbon. Different volumes were fixated resulting in
different masses due to grain size, as follows: 1) 275 cm3 or 400 g of SiO2 + Ag; 2) 275 cm3
or 160 g of active carbon grains; 3) 157 cm3 or 200 g of SiO2 + Ag; 4) 157 cm3 or 85 g of
active carbon grains. The isotope 123I were used in the tests with an average activity of 5MBq
per injection.
Initially, two types of tracer injections were tested: instantaneous and continuous injection.
Figure 2 shows the resulting response curves of detectors A, B and C.
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Figure 2. Response Curves of the three detectors after instantaneous and continuous
injections: (a) A and B; (b) C.
The first pulse recorded was due to an instantaneous injection in t = 210s. Picture 2(a) shows
the instantaneous entrance of the tracer in the sensible region of detector A which causes a
rapid lowering of the registered activity; however, an elevation of the base line in the signal
registered by this detector is noticed, diminishing slowly as time passes. This occurs due to
the formation of small I2 drops in the tube at the sensible region of detector A generated by
the temperature difference between the radioactive gas and the environment. Detector B,
placed at the exit of the filter, didn't register any signals, indicating that the entire tracer was
retained at the filter.
Proceeding to the second injection (continuous injection), from t = 620s until t = 740s, an
elevation of the baseline was observed in a more intense way for dragging a larger amount of
vapor; however, a slow drop occurred as time passed since I2, in its liquid form, was dragged
to the interior of the filter. Detector B also didn't register the exit of radioactive material,
showing that the gas and the I2 vapors were retained at the filter.
This result was excellent since it shows that the filter not only retained iodine in its gas form
but also retained iodine vapors. In figure 2(b) was verified that the filter immobilized the
radioactive iodine properly since the intensity of the signal in detector C stayed constant
between t = 210s and t = 600s. Even with simultaneous injections the filter was able to
immobilize the iodine even after the continuous injection of the tracer, whose signal remained
constant until the end of the experiment.
In the other experiments, only instantaneous injections were applied to minimize iodine vapor
generation originated in I2 gas production, which is greater when the entry pulses are through
continuous injections since they present greater intensity due to a greater vapor quantity. As
in the previous test, it was concluded that the entire tracer passing through the filter was
retained in the 275 cm3 volume of SiO2 + Ag.
The retention of I2 gas in a 200g mass, that is, in 157 cm3 of this filtering element, was then
researched and the  response curves of detectors A, B and C are shown in figure 3,. For this
configuration, an elevation of the base line registered by detector A due to I2 vapors is
noticed  as  well  as  the  fact  that  the  retention  efficiency  was  kept  at  100%.  The  signals
registered by detectors B and C remained constant during the experiment. It is then concluded
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that the SiO2 + Ag volume can be reduced to 157 cm3 since the filter will remain retaining
efficiently all I2 gas or vapor injected in the system.
(a)                                                                  (b)
Figure 3. Response Curves of the three detectors to measure retention efficiency of I2 by
a filter with a smaller SiO2 + Ag volume (157 cm3): (a) A and B; (b) C.
The immobilization of I2 was then tested using natural active carbon as substrate. A volume
of 275 cm3 was employed, which corresponds to a 160g mass. In Picture 4(a), when a pulse
was injected in the filter at t = 105s the signal registered contain a greater amount of
electronic noise due to the decrease in the count interval. After the injection, the base line of
detector A rises due to iodine vapors generated at the I2 gas production while detector B's
remained constant indicating that the tracer was completely retained at the filter. In figure
4(b) a quick rise is observed due to a very quick entrance of the tracer in the filter, remaining
constant afterwards, which demonstrated that the I2 gas was retained successfully in the
natural active carbon even at greater entrance speed of the tracer, not being, therefore,
released to the environment.
(a)                                                                  (b)
Figure 4. Response Curves of the three detectors to measure the retention efficiency of
I2 by a 275cm3 filter of active carbon: (a) A and B; (b) C.
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Since active carbon has a low flash point it is an excellent combustible. When poisoned with
organic solvents, this flash point is even lower, providing explosion risk in case it absorbs a
large amount of nitrates [15]. Thus, the smaller the quantity of substrate the higher the safety
of the filter will be. Aiming to guarantee safety, the I2 gas immobilization efficiency was
evaluated in a volume of only 157cm3, which corresponds to 85g of natural active carbon.
In figure 5(a), when a pulse was injected in the filter at t = 90s it entered rapidly through the
system resulting in a smaller signal intensity than the ones observed in previous experiments.
The surface speed was higher due to the greater granulation of the active carbon in relation to
the SiO2 + Ag crystal's. The response curves of detectors A, B and C confirm that this volume
reduction is possible in a way to minimize the quantity of natural  active carbon in the filter
for check an efficient I2 gas immobilization.
(a)                                                                  (b)
Figure 5. Response Curves of the three detectors to measure the retention efficiency of
I2 by a 157cm3 filter of active carbon: (a) A and B; (b) C.
In a similar way, tests were conducted aiming for the retention of I2 gas in 275cm3 and
157cm3 volumes  of  CH3I gas with the same substrates: silver impregnated silica [10%]
(SiO2 + Ag) and natural active carbon using 5MBq of 123I per injection.
(a)                                                                  (b)
Figure 6. Response Curves of the three detectors to measure the retention efficiency of
CH3I by a 275 cm3 filter of SiO2 + Ag: (a) A and B e (b) C.
INAC 2011, Belo Horizonte, MG, Brazil.
80 120 160 200 240
Time  ( s )
0
20
40
60
80
Detector A - IN
Detector B - OUT
0 200 400 600 800
Time  ( s )
0
200
400
600
800
Detector C - Center of the filter
100 150 200 250 300
Time  ( s )
0
40
80
120
160
C
ou
nt
  (
10
^2
)
Detector A - IN
Detector B - OUT
0 200 400 600 800 1000
Time  ( s )
0
400
800
1200
1600
2000
Detector C - Center of the filter
The response  curves  of  the  detectors  in  figure  6(a)  show that  the  CH3I enters and exits the
filter without being retained, that is, no radioactive gas remained in the interior of the filter
since the total areas under the count peeks registered by the detectors A and B, respectively,
result the same. In relation to detector C, Picture 6(a), the record of the radioactive cloud
showed that the CH3I was fully removed from the filter since after t = 40s the signal returns
to the same value of the base line previous to the injection of the tracer, This allows affirming
that diminishing or increasing the quantity of SiO2 + Ag is of no help, since, certainly, it will
not retain the CH3I gas, that is, the CH3I gas is not retained by SiO2 + Ag.
Then, the retention of CH3I gas in a filter with 160g of natural active carbon, that is, 275cm3
in volume was tested. The response curves of the detectors, in figure 7, show that this filter
was 100% efficient in retaining CH3I gas.
(a)                                                                  (b)
Figure 7. Response Curves of the three detectors to measure the retention efficiency of
CH3I by a 275 cm3 filter of active carbon: (a) A e B; (b) C.
(a)                                                                  (b)
Figure 8. Response Curves of the three detectors used in the retention tests of CH3I by a
157 cm3 filter of active coal: (a) A and B; (b) C.
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When the active carbon grain volume was reduced to 157cm3 or  85g mass and an
instantaneous injection of the tracer in the system was made, figure 8(a) shows that detector
A registered the passage of the radioactive cloud between t = 119s and t = 125s, indicating
that the flow in the filter with this volume was very quick. Detector B registered a small peak
at t = 121s, very low in intensity, almost not being registered. However, the curve registered
by detector C, figure 8(b), demonstrates that the CH3I was gradually removed from the active
carbon. Detector B, as shown in figure 8(a), did not register a release since the CH3I gas was
released in a minimum fraction, smaller than the detection limit of the scintillating detector
NaI(Tl). It is concluded that the filter containing 85g of active carbon or 157cm3 of volume
cannot retain the CH3I gas.
An important parameter to be considered in the final configuration of the filter is the
exhaustion flow of the gases that pass through. Since I2 gas was retained with maximum
efficiency by the filter with 200g of SiO2 + Ag ,and the gas CH3I gas was  retained by a filter
with 160g of natural active carbon, a filter was prepared with a double stage, being the first
the SiO2 + Ag stage and the second the active carbon stage. The flow for a filter in this
configuration was then determined using the Stimulus/Response with Tracers Technique
along with the transient time methodology [13].
Two detectors were placed in sequence at the entrance of the filter to register the response
curves during the passage of the radioactive cloud of the CH382Br gas, which is inert for the
filtering elements used. The residence time in the interval was then calculated. Knowing that
the distance between the detectors was of 0.05m and the diameter of the tube was 0.06m, the
system's flow was obtained.
The flow of the system composed of filtering elements with 200g of SiO2 + Ag and 160g of
natural active carbon was of (306  4)m3/h. This flow is considered ideal for depleting fluids
in small chemical hoods, being considered an adequate flow to be use in Nuclear Medicine
Sectors in dose fractioning procedures or in radioactive iodine manipulations.
5. CONCLUSIONS
The retention of the gases containing I2 was efficient for the filter configurations with 157cm3
of  silver  impregnated  silica  [10%] crystals  or  with  natural  active  carbon grains  in  the  same
volume. On the other hand, the CH3I gases were retained in a 275cm3 filter with natural
active carbon grains.
If in a Nuclear Medicine Service, oxidant materials such as NO2 and  SO2 or nitrates are
constantly manipulated the use of filters containing active carbon it is not advised due to the
risk of explosions (nitrates) or lowering of the flash point of the carbon (oxide accumulation).
The best filter configuration was concluded to be the one with a double stage, being the first
stage 157cm3 in volume of silver impregnated silica [10%] crystals attached to a 275cm3 in
volume natural active carbon stage. With the same exhauster, the radioactive gas exhausting
flow would be of (306  4) m3/h, which is considered adequate for small chemical hoods.
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